The development of n-on-p "edgeless" planar pixel sensors being fabricated at FBK (Trento, Italy), aimed at the upgrade of the ATLAS Inner Detector for the High Luminosity phase of the Large Hadron Collider (HL-LHC), is reported.
Introduction 1
Planar pixel sensors are nowadays the standard choice for particle tracking 2 and vertex reconstruction in high energy physics experiments. The ATLAS 3 collaboration will upgrade its current Pixel Detector [1] i.e. their bottom has to reach the silicon oxide, which separates the active wafer 
92
After the trench is etched, its walls are boron-doped in a diffusion furnace. with active edge have been already fabricated and reported [11] .
98
Figure 1: SEM picture of a test trench, after cleaving the wafer perpendicularly to the surface and to the trench itself.
5
The trenches are then oxidized and filled with polysilicon. The remaining 99 processing, arriving at the final device, whose cross-section is sketched in Fig-100 ure 2, is quite standard, and includes the following steps:
101
• contact opening
102
• metal deposition and patterning
103
• deposition of a passivation layer (PECVD oxide) and patterning of the 104 same in the pad and bump-bonding regions. Table 2 .
125
A bias tab for substrate biasing (either by probing or by wire bonding), 126 located internally to the surface delimited by the trench, is placed at about The wafer layout also includes four sensors compatible with the FE-I3 read- 
160
In the following, details on dopant parameterization, on device physics mod-161 els adopted and on the radiation damage parameterization will be presented,
162
followed by a selection of results from simulations. Table 3 .
170
2 The doping concentration decreases from its peak value to its reference value over a distance equal to the rolloff Table 4 these properties are summarized.
191
Type Energy (eV) 
Simulation results

201
The structure in Figure 2 was slightly modified in the simulations: the sup- and the pixel-to-trench distance; see Table 5 for the list of simulated geometries.
208
If present, the GRs were left floating during the simulations. Increasing the pixel-to-trench distance yields a higher bulk-generated current, devices confirm this observation, as it can be seen in Figure 5 where the same set 230 of sensors of Figure 4 is now presented after a simulated fluence of 10 15 n eq /cm 2 .
Current-voltage characteristic and break down voltage
231
No BD is observed in any sensor up to 1000 V bias voltage.
232
Electric field distribution
233
In Figure 6 the electric field distribution is shown for an un-irradiated detec- 
239
In Figure 7 the electric field distribution is reported for a sensor with 2 GRs 240 and 100µm pixel-to-trench distance, after a simulated fluence φ = 10 15 n eq /cm 2 . In Figure 7 , top, the detector is biased at 50 V; a large portion of the volume 242 is non-depleted, i.e. the electric field is negligible. An interesting feature is an 243 increase of the high electric field close to the back implant and to the trench: 244 this is a known effect called double peak (DP) [21] . The fact that it is accounted 245 for by our simulation supports the reliability of the simulation itself.
246
In Figure 7 , bottom, the electric field distribution is reported for the same Charge collection efficiency
255
To study charge collection efficiency (CCE) after irradiation, charge creation in that region, the edgeless concept would be verified to work. region, at 50 µm distance from the pixel. In the following they will be identified 271 as "Pixel" and "Edge", respectively. At a fluence φ = 10 15 n eq /cm 2 more than 50 % of the signal is collected in show that after irradiation more than 50 % of the signal is retained, even in the
309
"Edge" region for the sensor with 100 µm pixel-to-trench distance.
310
Next steps will be a full electrical characterization of these "active edge" 
